To perform a comparative analysis of bacterial dissemination in vivo after oral infection, the 9 0 strain IP32953 was genetically engineered to constitutively express bioluminescence. In order 9 1
to correlate bioluminescence to bacterial numbers during animal infection, the luxCDABE 9 2 operon (placed under the control of the constitutive rplN promoter) was stably introduced into 9 3 the Y. pseudotuberculosis chromosome using the mini-Tn7-transposon technology
1 4 0
LNs from the salivary glands region ( Fig. 2A, 2C 1 , 2D 1 ). Although there was no preferential isolated, we verified its bacterial content by homogenization and CFU counting on agar plates 1 4 5 ( Fig. 2C 1 , 2D 1 ). In addition to LNs, we noticed in 70% of the mice a strong BLI signal in the 1 4 6 esophagus and/or trachea (Fig. 2B, 2C) . Dissection of the esophagus and trachea sections 1 4 7 associated with BLI allowed us to localize bacterial colonization at the junction of these two 1 4 8 structures ( Fig. 2C 2 ), suggesting a probable deposition of bacteria in the tissue consecutive to 2D 2 ). From these results, we speculate that the use of a feeding needle entails a risk of 1 5 2 creating lesions in the skin of the mouth as well as in the tissue at the junction of the overall infectious process, we cannot exclude the possibility of bacterial dissemination in the 1 5 7 blood stream occurring independently to the intestinal colonization and translocation at the 1 5 8 gastro-intestinal barrier. We next compared the kinetics of bacterial dissemination upon bread feeding versus needle 1 6 3 feeding. Mice were orally infected with 3.5E8 IP32953-lux CFUs and imaged at 0.5, 6, 24, 48 1 6 4 8 and 72 h post infection ( Fig. 3) . At each time point, photon emission was measured from the that time point, the BLI signal is detected in the neck (Fig 3A, 3D ) and the abdominal region 1 7 0 ( Fig. 3A, 3B ) where it continuously increases over time. It is noteworthy that the neck region found in the feces six hours post needle feeding as shown by CFU counting (Fig. 3C ),
suggesting a lower number of bacteria surviving the passage through the stomach. When needle feeding is used, bacteria are delivered directly to the stomach, a compartment feces (Fig. 4C) . Our results therefore indicate that bacterial bread delivery protects Y. The better survival of Y. pseudotuberculosis when associated with CaCO 3 prior to needle 1 9 1 feeding led us to evaluate whether it would change the overall lethal dose 50 (LD 50 ) of strain 1 9 2 IP32953-lux when administered with bread. Thus, mice were infected using three conditions 1 9 3
(needle with or without supplementation of CaCO 3, and bread) with four different Y. Animals were monitored over time for BLI imaging ( Fig. 5 and 6 ), body weight loss ( Fig. 5B ,
6B), signs of disease, and lethality to allow measurements of LD 50 (Fig. 7) .
The use of the needle without supplementation of CaCO 3 gave the highest LD 50 (5.2E6 1 9 8 CFU)( Fig. 7C) . When bacteria are mixed with CaCO 3 , the LD 50 is lower (1.8E6 CFU) 1 9 9
suggesting a beneficial effect of CaCO 3 when the needle feeding administration is used ( Fig.   2 0 0 7B). However, the lowest calculated LD 50 was obtained when OF1 mice were bread-infected 2 0 1 (LD 50 =9.5E5) (Fig. 7A) . The BLI and weight loss illustrate very well the differences of 2 0 2 bacterial dissemination and multiplication at a low dose (2.5E5 IP32953-lux CFUs) between 2 0 3 the three infection conditions ( Fig. 5A, 5B ). At this low dose, none of the mice treated with 2 0 4 the needle (without supplementation of CaCO 3 ) showed signs of disease or weight loss while 2 0 5 the mice treated with bread or needle supplemented with CaCO 3 showed signs of disease, 2 0 6 weight loss and mortality (30 to 40% of them died) ( Fig. 5B, 5C ). When the same parameters 2 0 7 are monitored after oral infection with a higher dose (2.5E7 IP32953-lux CFUs) no significant 2 0 8 differences were observed between the 3 conditions of administration, as shown in (Fig. 6A , 2 0 9 5B, 5C). It is noteworthy that even at low bacterial concentrations (2.5E5 CFU), needle showed a neck BLI signal upon bread feeding (Fig. 5A) . Our results therefore show that 2 1 2 1 0 infection using bread feeding is more efficient for Y. pseudotuberculosis delivery to the 2 1 3
intestinal tract, resulting in better colonization even at low inoculum concentrations. infectious agent administered to each animal, the rapidity to handle the animal and the stress reasonable to question its impact on the overall host immune response. In order to avoid this potentially unwanted response, we propose the use of a bread feeding 2 3 0 methodology which allows a non-traumatic pathogen administration, where animal handling 2 3 1 is minimized and therefore is less stressful for both the manipulator and the animal. We found 2 3 2 that the habituation step to feed on bread few days prior to the infection is crucial for effective 2 3 3 bread feeding, with no need of additional melted butter as a vehicle as proposed by others (7) 2 3 4 (8). Bread feeding constitutes a very good administration method since it allows a control of the 2 3 6 dose administered and is a fast procedure where all bread is generally consumed by mice in 2 3 7 1 1 less than 5 minutes as opposed to the drinking water method (within several hours) described 2 3 8 by others (10).
3 9
In addition, our study shows that Y. pseudotuberculosis colonizes better the intestinal tract 2 4 0 when administered with bread compared to the needle, with no need to buffer the bacterial 2 4 1 cell suspension. The differences in LD 50 measurement obtained in our study using the same Y. reinvestigate the infectious process by Y. pseudotuberculosis after bread feeding delivery.
2 4 4
Finally, we expect that this delivery method can be extended to other studies of host pathogen 2 4 5
interactions with different intestinal pathogens. Bacteria were grown at 28°C in lysogeny broth (LB) or on LB agar (LBA) plates. Bacterial The fully virulent IP32953, serotype 1b Y. pseudotuberculosis isolated from a human stool in 2 5 3
France, was used as parental strain to generate IP32953-lux, a bioluminescence expressing 2 5 4 strain. As previously described (19) Animals were housed in the Institut Pasteur animal facility accredited by the French Ministry and Institut Pasteur CHSCT (n°0399). Female 7-week-old OF1 mice were purchased from Charles River France and allowed to 2 7 8 acclimate for 1 week before infection. Prior to infection mice were fasted 16 h and had 2 7 9 continuous access to water. All oral infections were performed on non-anesthetized animals. CFUs and monitored overtime for BLI signal, weight loss and mortality after needle feeding Quantification of the bioluminescent signal from the abdominal region is shown below the 4 6 0 mice pictures in each condition at each time point (24, 48, 72 and 168-192 h p.i.) . Red dotted without neck colonization compared to the needle feeding. CFUs and monitored overtime for BLI signal, weight loss and mortality after needle feeding mice pictures in each condition at each time point (24, 48, 72 and 168-192 h p.i.) . Red dotted and survival of mice (C) for 21 days using the three protocols of administration. 
